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ABSTRACT
Quantitative information on chemical and physical properties of 
soils under aspen and jack pine and chemical properties of peat and 
water under black spruce and tamarack, is limited. The present study 
quantifies soil particle size, electrical conductivity (E.C.), water 
soluble and replaceable calcium (Ca) , magnesium (Mg), potassium (K), 
sodium (Na) , manganese (Mn) and strontium (Sr) concentrations in soils 
under aspen and jack pine communities. Aspen was found on alkaline 
clay soils with high Ca and Mg concentrations, and jack pine grew on 
wel1-drained, acidic, sandy clay loams high in Mn. Organic soils under 
peat and tamarack were analyzed for pH, E.C., water soluble, replaceable, 
and HC1-extractable Ca, Mg, K, Na, Mn, Sr and HC1-extractab1e iron (Fe), 
aluminum (Al), boron (B), lead (Pb) , zinc (Zn) , copper (Cu) , nickel (Ni) 
and phosphate-phosphorus (P). Black spruce peat was neutral in reaction 
and had significantly higher concentrations of replaceable and HC1 — 
extractable Ca, Sr, Mn, Fe, Al, B, Zn, Ni and Pb. Tamarack peat (pH 6) 
had significantly higher replaceable Mg. An intraseasona1 comparison of 
water pH, E.C., Ca, Mg, K, Na, P, nitrate (NO^) , chi oride(C1), carbonate 
(CO^) and bicarbonate (HCO^) was made between tamarack and black spruce. 
Water reaction and mineral ion concentrations were strongly influenced 
by contact with mineral soils upslope from the peatland and varied with 
fluctuations in the water levels over the growing season. Total annual 
litterfall was very similar, 309 and 322 g/m2 for tamarack and black 
spruce. Litter composition (8A and 79% needles) was also very similar.
x
An intraseasona1 comparison of litter type and HCl-extractable Ca, Mg,
K, Na, Mn, Sr, Fe, Al, B, Pb, Zn, Cu, Ni and P in needle and woody 
litter was made and total seasonal inputs were calculated. Seasonal 
litterfall inputs of Ca, Fe, Al, Zn, Pb and P were greater from black 
spruce, whereas the seasonal inputs of Mg, Mn, B, Cu and Sr were greater 
from tamarack. Inputs of K and Na were not significantly different 
between the two species.
xi
INTRODUCTION
Aspen ( Populus tremuloides), tamarack (Larix larioina) and black 
spruce (Pioea maviana) are three of the most widely distributed tree 
species in North America and share the major extent of their geographi­
cal ranges (U.S.D.A. For. Serv. 1965). Jack pine (Pinus banksiana), 
although not as widely distributed, occurs over much of the same geo­
graphical range. All cover extensive areas in Minnesota and are impor­
tant pulpwood species (Benzie 1972, Hansen and Kurmis 1972, Brinkman and 
Roe 1975). These forests help to stabilize terrestrial communities and 
provide habitat for wildlife species. Tamarack and black spruce are 
found predominantly in cool, wet peat lands in the southern reaches of 
their ranges. These peatlands serve as nutrient and water reservoirs in 
their drainage basins. With the extent and importance of these species, 
it is surprising that comprehensive data are few on the physical and 
chemical properties of the habitats where they grow. Sound management 
of any species is dependent on these important factors which affect 
plant nutrition, and in turn are major determinants of plant growth and 
distribution.
Several investigators have correlated soil properties with site 
index for aspen (Kittredge 1938, Stoeckeler 19^8, 1961, Voigt et al. 
1957) and for jack pine (Pawluk and Arneman 1961). Foster and Morrison 
(1976) quantified the distribution and cycling of nutrients in a natural 
jack pine ecosystem.
1
2Numerous studies have been conducted relating plant growth and 
distribution to peatland chemistry in several parts of the world: in 
Sweden (Sjors 1950, Maimer and Sjors 1955, Maimer 1963), in England 
(Pearsall 1938, Gorham 1953, 1956a, 1956b, Gorham and Pearsall 1956, 
Newbould and Gorham 1956, Chapman 1964, 1965), and in North America 
(Waksman and Stevens 1928, Heinselman 1963, 1970, Watt and Heinselman 
1965, Sparling i960, Heilman 1968, Reiners and Reiners 1970, Wali and 
Krajina 1973, Summerfield 1974, Gorham 1975, Tilton 1975, Verry 1975)- 
Quantitative information presented here further elucidates the relation­
ships of the chemistry of water and peat and tamarack and black spruce 
stands in the peatlands of northern Minnesota.
The present study was conducted to (1) quantify soil physical and 
chemical properties under aspen and jack pine, (2) quantify chemical 
properties of peat and water under black spruce and tamarack, (3) re­
late these properties to stand composition and growth, (4) compare water 
chemistry intraseasonally, (5) compare litterfall chemical composition 
intraseasonally, and (6) compare the total seasonal inputs of chemical
elements from litterfall.
THE STUDY AREA
All study sites were located within the drainage basin of the 
Roseau River in north-central Roseau County, Minnesota (Fig. 1). Aspen 
stands were six to ten km north of Roseau. These stands were growing 
on clay soils of lacustrine origin and level topography. Elevation was 
320 m (U.S. Geol. Surv. 1966a). The jack pine stand was located on the 
Roseau Wildlife Management Area 13 km north of Badger. The stand oc­
curred on a level, well-drained former Glacial Lake Agassiz sandy beach 
ridge with an elevation of 326 m (U.S. Geol. Surv. 1966b).
Black spruce and tamarack stands were located on a peatland 13 km 
north of Roseau, between Sprague Creek to the south and the Canadian 
border to the north. Surface relief in the study area dropped gently 
to the south with a gradient of 90 to 190 cm/km (U.S. Geol. Surv. 1966a). 
The black spruce stand was approximately one km downslope and 14 m 
lower than the former Lake Agassiz beach ridge (elevation 339 m) to the 
north.
Further upslope, the forest graded into black spruce and northern 
white cedar {Thuja ocoidentalis) . Near the top of the ridge, jack pine 
became dominant. Downslope, the forest graded into black spruce and 
tamarack, and finally into pure tamarack about two km south of the pure 
black spruce stand. Elevation of this area was 322 m, three m lower 
than the black spruce study area.
3
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6Geology
The entire Roseau River basin lies in an area which was glaciated 
and subsequently inundated by the waters of Glacial Lake Agassiz. The 
last of the Pleistocene ice retreated northward some 11,000 years ago 
leaving behind a mantle of glacial till and outwash. Glacial Lake 
Agassiz was formed by glacier melt water and runoff from regional pre­
cipitation. Clays and silts deposited in the old lake bed are charac­
teristic of a large part of the Roseau River basin. Due to the relative 
impermeability of these sediments, the water table is normally high 
leading to the formation of peatlands in depressed areas of the basin.
The level of Glacial Lake Agassiz fluctuated leaving behind a 
series of sand and gravel ridges which mark the former shorelines.
Other sandy depositions are the remains of offshore sandbars or sand 
dunes which were accumulated through wind action over the newly exposed 
lake plain (Reid et al. 197*0-
Macroclimate
The macroclimate of the study area is humid-continental, charac­
terized by short cool summers and long cold winters. Temperature and 
precipitation patterns based on 30-year averages (U.S. Dept, of Commerce 
1975; Fig. 2) show that mean seasonal temperatures range from -1^°C in 
the winter to 18°C in the summer. The average annual frost-free period 
is short (101 days between June 1 and September 10). Killing frosts 
have been recorded as late as June 22 and as early as July 18 (U.S.D.A. 
Weather Bureau 193**) • Prevailing winds are northwesterly, however, warm 
moist southerly winds are frequent during the summer months. Nearly 80%
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9of the mean annual precipitation (533 mm) comes in the form of rain 
showers during the period from April through September. Snowfall is 
usually heaviest in December. Mean annual snowfall is 856 mm.
METHODS
Vegetation
Nineteen 10x10 m quadrats were used to document the vegetation in 
this study. Criteria for placement of the study plots included homoge­
neity of vegetation and stand accessibility. Five study plots each 
were placed in tamarack, black spruce and aspen stands and four quadrats 
were placed in a jack pine stand.
Vegetation was documented by strata. The herb stratum included 
all vascular plants less than one m in height. Shrub and tree strata in­
cluded woody plants between one and three m in height and those over 
three m, respectively. Cover-abundance estimates after Braun-Blanquet 
(1932, 196*0 were made for vegetation in all three strata and stems were 
counted for species occupying tree and shrub strata. Mosses were 
collected for identification, however, cover estimates were not attempted. 
Voucher specimens were collected for all plant species growing in the 
study areas and a complete checklist has been appended (Appendix I). 
Nomenclature of vascular plants follows Gleason and Cronquist (1963) and 
that of mosses follows Crum (197**).
Mensuration data collected for all trees in each plot included 
tree height estimates, diameter at breast height (dbh) measurements and 
age estimates from increment borings. Tree heights were measured on 
windfalls with a steel tape and estimated for standing trees with a 
Spiegel relascope.
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Organic Soils
A peat pit approximately one m deep was excavated at representative 
sites in each tamarack and black spruce plot. Peat samples were col­
lected from depths of 5, 10, 20, 40, 60 and 80 cm. Bulk density cores 
(volume = 6^.5 cc) were taken at the five lower depths in each pit; 
rooting depth was also noted.
Peat samples were immediately air dried and stored. They were 
later ground with a Wiley Mill and passed through a one mm screen.
Prior to analysis, these samples and the bulk density core samples were 
oven dried to constant weight.
All cation determinations were made with a Perkin Elmer 503 atomic 
absorption spectrophotometer. Water soluble calcium (Ca) , magnesium 
(Mg), potassium (K), sodium (Na) , manganese (Mn) , strontium (Sr), and 
iron (Fe) concentrations were determined on 1:10 peat to distilled and 
deionized water solutions. Electrical conductivity (E.C.) and pH mea­
surements were also made on these solutions using a Radiometer Model 
CDM2e Conductivity Meter and a Radiometer Model 51 pH Meter. Replace­
able Ca, Mg, K, Na, Mn and Sr concentrations, representing water solu- 
ble+exchangeable fractions (Wali and Krajina 1973), were determined on 
1:10 peat to 1 N ammonium acetate solutions.
HCl-extractable Ca, Mg, K, Na, Mn, Sr, Fe, aluminum (Al), copper 
(Cu), nickel (Ni), boron (B), lead (Pb) , zinc (Zn) and phosphate- 
phosphorus, hereafter referred to as P, concentrations were also 
determined. One gram of each peat sample was dry-ashed in a Thermolyne 
Model 10500 muffle furnace for six hours at ^50°C. The ash was dis­
solved in 10 ml of 5 N HC1, diluted to a volume of 50 ml with distilled 
and deionized water, and then filtered through Whatman filter paper.
11
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Phosphorus was determined using the vanadomolybdophosphoric yellow 
method in an HC1 system (Jackson 1958). Boron was determined using a 
colorimetric carmine technique modified from that of Hatcher and Wilcox 
(1950) as given in Chapman and Pratt (1961).
Water
Ten water sampling trips were made to the tamarack and black spruce 
communities during the summer and fall of 197^- Surface temperature 
was measured on each sampling date. The water level was near the peat- 
land surface on seven of those dates: May 30, June 16 and 27, Septem­
ber 8 and 21, October 5 and 19-• On the three midsummer sampling dates 
(July 21, August 8 and 23), the water level under tamarack fell more 
than 1.3 m below the surface, therefore, water samples could not be 
collected. All water samples were obtained from the peat pits in acid- 
rinsed plastic containers. These were placed in a portable cooler and 
transported directly to the laboratory where they were filtered through 
Whatman filter paper, stored in a freezer and later analyzed for Ca, Mg, 
K, Na, pH and E.C. Phosphorus was determined using the chlorostanous- 
reduced mo 1ybdophosphoric blue color method (Jackson 1958). Nitrates 
(NO^) were determined with a Beckman Model DU-2 Spectrophotometer using 
the ultraviolet spectrophotometric method (A.P.H.A. 1975). Carbonates 
(C0^) and bicarbonates (HCO^) were determined using the titrimetric 
method given by Jackson (1958). Chlorides (Cl) were determined with a 
platinum electrode on a Radiometer Model PHM Standard pH Meter. A 
modified turbidimetric method after Kollman and Wali (1976) was used 
for the determination of sulfates (SO^).
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Li tter
Thirty litter trapping baskets (Fig. 3) were placed throughout the 
10 tamarack and black spruce study plots on May 15, 197^. These baskets
O
were 33-5 cm in diameter and totalled 1.35 m of litter trapping area
for each stand. Small holes were drilled in the bottom of each basket
to allow the trapped precipitation to drain. Litter was collected at 
approximately two-week intervals from June 1 through November 17, 197**. 
The litter was air-dried and separated into needle and woody fractions. 
Air-dry weights were recorded. Samples were ground with a Wiley Mill 
and passed through a one-mm screen. Immediately prior to analysis, 
these samples were oven-dried to constant weight. Since litterfall was 
sparse during the summer months, it was necessary to combine replicate 
samples to obtain enough for analysis. Calcium, Mg, K, Na, Mn, Sr, A1,
Fe, Zn, Cu, Pb, B, and P were determined using the same methods des­
cribed for HCL-extractable ions in peat.
Mineral Soils
A soil pit approximately one m deep was excavated at a representa­
tive site within each study quadrat in the aspen and jack pine communi­
ties. Thickness of litter, humus and mineral soil horizons was mea­
sured and samples of each layer were collected. Bulk density cores 
(volume = 6A.5 cc) were also taken from each mineral horizon. Rooting 
depth was noted. All mineral soils except bulk density core samples 
were air-dried. Bulk density samples and litter+humus samples were 
oven-dried to constant weight prior to analysis.
]b
Fig. 3. Litter trapping baskets in the tamarack community.
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Mineral soils were checked for stoniness by screening through a 
two-mm sieve. Clay aggregates greater than two mm were broken up with 
mortar and pestle until they passed through the sieve. Litter and 
humus samples were ground with a Wiley Mill and passed through a one-mm 
sieve. All samples were stored in dry containers until analyses could 
be performed. Soil particle size analysis was done on mineral soils 
using the hydrometer method after Bouyoucos (1951). Texture classes 
were subsequently determined by use of the textural triangle.
Replaceable Ca, Mg, K, Na, Mn and Sr were extracted using 1:10 
soil to 1 N ammonium acetate solutions. Water soluble Ca, Mg, K, Na,
Mn, Sr and Fe were extracted using 1:10 soil to distilled and deionized 
water solutions. Electrical conductivity and pH were also determined 
on these solutions. The 1:10 ratio was used for both mineral soil and peat 
to allow data comparison.
Litter and humus overlying the mineral soils were combined as 
litter+humus (L+H) and analyzed as one. Electrical conductivity, pH, 
water soluble, replaceable and HC1-extractable Ca, Mg, K, Na, Mn and Sr 
concentrations were determined as well as water soluble and HCl-extract- 
able Fe concentrations.
Statistical Analysis
Analysis of variance (STWMULT) was used to test the significance 
of differences found in the intraseasona1 comparison of tamarack and 
black spruce habitat chemistry. Two-way analysis of variance was 
performed on the peat data to determine the significance of differences 
found by community and by peat depth, and on the water data to deter­
mine the significance of differences found by community and time.
16
Three-way analysis of variance was performed on the litter data to deter­
mine the significance of differences found by community, by litter type, 
and by time. All computations were made using an IBM 370/135 Computer 
at the University of North Dakota Computer Center.
RESULTS
Aspen
Vegetation
The upper tree stratum, dominated by aspen, was shared with the 
less dominant balsam poplar (Populus balsamifera) (Table 1, Fig. A). 
Aspen had a much greater density and mean basal area than did balsam 
poplar or green ash (Fraxinus pennsylvanica) (Tables 2 and 3). Green 
ash appeared in the mid-tree stratum and in understory strata including 
the herb layer (Table 1). Red osier dogwood (Cormus stolonifeva) was 
the dominant species in the shrub stratum (Fig. 5). Green ash, bur oak 
(Querous maerocarpa) and hazelnuts (Corylus amerioana and C. cormuta) 
were also found in the shrub stratum. Red raspberry (Rubus strigosus) 
and buckthorn (Rhamnus alnifolius) were the dominant species of the herb 
stratum (Fig. 6).
Soils
Soil profiles were composed of litter, humus, and A, B and C 
horizons. The stone-free soils derived from lacustrine clay parent 
materials belonged to the Fargo series (McMiller et al. 19^2).
Litter composed mainly of aspen and balsam poplar leaves and twigs 
averaged four cm in depth. Humus layers ranged from two to eight cm 
and averaged three cm in thickness. Mean L+H pH was 6.3 and E.C. 
averaged 418 ^ imhos/cm.
17
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Table I. Vegetation associated with aspen In the order of decreasing 
average cover-abundance values for each stratum.
Plot Number
Plot Size (hectares):
Stratum
A| Populue tremuloidee
P. baleamifera 
A2 P. tremuloidee
P. baleanifera  
Fraxinue penneyIvanioa 
Aj P. tremuloidea
P. ba leamifera 
B| Cornua eto lo n ifera
Populue tremuloidea 
P. baleamifera 
Fraxinu8 penneyIvanioa 
Queroue maorooarpa 
Corylue americana 
C. oomuta
»2 Comue eto lo n ifera
Viburnum rafineequianum  
Roea woodeii 
Vibum m  lentago 
Fraxinue penneyIvanioa 
S a lix  dieoolor  
C Pubue etrigoeue
Rhamnue a ln ifo liu e  
Galium boreale 
Rhue radioana 
Cornua eto lo n ifera  
Roaa ooodeii 
Smilaoina a te lla ta  
Lyeimaohia o il ia ta  
Amelanohier a ln ifo lia  
Queroue maorooarpa 
Maianthemum oanadenee 
T h a lio trm  ver.uloeum 
Viburnum trilobum  
Anemone quinquefolia  
La thyrue p a lue tr ie  
Vioia amerioana 
Smilax herbaoea 
Fraxinue penneyIvanioa 
D Anomodon minor
Braohytheoium aouninatum 
B. oxyoladon 
H eterophyllm  haldanium 
htniien ouepidatm
03 Oh 05 06 51 Avg .
. 01 .01 . 01 .01 .01
C-A
3 3 h 6 h 3 . 6
2 3 3 2 2 . 0
3 2 3 2 2 2 . 6
2 2 2 1 . 2
1 2 2 1 . 0
2 2 1 2 2 1 . 8
1 1 1 . 6
2 1 1 . 8
1 I 1 . 6
1 1 1 . 6
1 2 . 6
1 2 . 6
2 1 . 6
3 • . 6
2 3 2 3 2 2 . 6
2 2 1 1 . 0
2 1 ■ 9
2 2 ■ 9
3 . 7
2 . 6
1 2 3 2 1 . 6
1 2 2 2 1 . 6
1 1 2 2 1 . 2
1 2 2 1 1 . 2
1 2 . 1 1 * 1.1
1 2 1 ♦ 1 . 0
1 1 1 . 8
1 1 1 ■f . 8
1 2 1 . 8
1 1 2 . 8
1 1 ♦ ■f . 7
1 1 ♦ 1 . 7
1 1 1 . 6
1 1 1 . 6
1 1 5
1 1 ♦ 5
♦ ♦ ♦ . 6
1 . 6
X X X
X X X
X X
X X X
X X X
Sporadic species:
C Aotaea rubra, Aohillea m i l le fo l im ,  Apooyanum eiberiaum, Aearm  
oanadenee, Carex dieperma, C. tenera, Erigeron philadelphiaue, 
Fragaria veeoa, Galium tr iflo ru m , Gem a lle p io m , Poa prateneie, 
Polygonatum b i f lo r m , Pyrola e l l ip t io a ,  Ranunoulue abortivue. 
Spiraea alba, Symphorioarpue orb iau larie , T ha lio trm  daeyoarpum, 
T rillium  oernum, Zieea aurea.
x - denotes species presence only.
Table 2. Density of trees in 19 study sites (stems/ha) .
Dbh - 5 cm Dbh -
Species range mean range
Lavix laricina 2300-5000 3480 (174)* 900-1800
Piaea nar-iana 1100-2000 1540 (77) 900-1600
Pinus bariksvana 1300-8600 3625 (145) 1300-6800
Populus tremuloides 1600-5500 2620 (131) 1000-2500
Populus balsamifeva 400-1200 775 (31) 300-900
Fraxinus pennsylvanica 100-300 150 (6) /’wC
■■Numerals in parentheses indicate number of trees counted.
**Green ash with diameters of 10 cm or greater were not encountered.
1 0 cm 
mean
1340 (67) 
1300 (65) 
3125 (93) 
1700 (85) 
525 (21)
Table 3. T ree mensuration data from 19 study s i tes.
Species
Age,
range
yr-
mean
Height, 
range
m
mean
Basal Area, 
range
m^/ha
mean
Lavix lapieina 20-55 2**.2 (20)* 3.0-1**. 5 9-5 (17**) 26.0-30.** 27-7 (17**)
P-ioea mariana 7**-91 83.5 (20) 12.3-20.0 16.5 (77) 19-6-*tl .1 33.6 (77)
Pinus banksiana 19-52 39.** (8) 3.0-1**.5 9.8 (1**5) 7**.9-123-9 89-0 (1**5)
Populus tremuloides 2**-50 37.1 (8) *t. 0-15.0 7.6 (131) 20.9-**9-7 36.2 (131)
Populus balsccmifera 25-55 39-0 (**) **.0-13-5 11.8 (25) 6. *t-29.7 1 **. 3 (25)
Frcixinus pennsylvanica - 31.0 (1) *t.0-8.5 *♦.5 (6) 0.6-1.7 1.1 (6)
^Numerals in parentheses indicate number of trees measured.
21
Fig. 4. Tree stratum of the aspen community (Plot 51).
Fig. 5. Cormus stolonifeva, dominant species in the 
shrub stratum of the aspen community (Plot 04).
Fig. 6. Rhamnus alnifolius, one of 
the dominant species in the 
herb stratum of the aspen 
communi ty.
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The A horizon soils were friable, black, blocky, sandy clay loams. 
Bulk density averaged 0.7 g/cc. Mean pH was 7-0 and the mean E.C. was 
223 ^ mhos/cm. Boundaries between A and B horizons were irregular to 
broken.
The B horizon soils were friable, blocky, dark gray clays with a 
mean bulk density of 1.1 g/cc. Mean pH was 8.1 and mean E.C. was 150 
^imhos/cm. Boundaries between B and C horizons were also irregular to 
broken, with some tonguing of melanized materials into the C layer.
The C horizon soils were sticky, firm, gray clays with a mean bulk 
density of 1.3 g/cc. Mean pH was 8.8 and mean E.C. was 143 jimhos/cm. 
Reddish-brown iron mottling was abundant in both B and C horizons.
Water soluble and replaceable cation concentrations in the soil 
profile decreased with depth (Table 4). However., replaceable Ca, Mg 
and Sr did not decrease appreciably and this is reflected by the small 
decrease in E.C. The increasing pH with increasing depth reflects a 
decrease in acidic organic matter and a gradual increasing influence of 
the base ions on soil reaction.
Jack Pine
Vegetat i on
Tree strata were occupied by jack pine only (Table 5, Fig. 7).
Cover was very high, approaching 100%, in study quadrats 46 and 47.
The stand averaged 10 m in height and ranged in age from 19 to 52 years 
(Table 3). Mean age of the stand was 40 years. Juneberry (Amelanahier 
alnifolia) was the dominant species of the shrub stratum (Fig. 8). The 
herb layer was dominated by large mats of bearberry (Arctostaphylos uva~ 
ursi) (Fig. 9). Lowbush blueberry (Vaccinium angustifolium) and
Table 4. Mean water soluble and replaceable cations in litter+humus and mi nera1 soil horizons, and mean HC1 -
extractable cations in the 1 i tter+humus from aspen study sites •
Hor i zon Thickness (cm) Ca Mg K Na Mn Fe Sr
range mean -ppm
Water Soluble Cations
L+H 2-10 7.0 (5) 5.0 4.5 2.25 .16 7-7 7.4 2.5
A 11-25 19.0 (5) 1 .4 1.2 .07 . 1 1 1 .3 5.8 .6
B 5-35 16.2 (5) 1.0 .7 .04 .14 .0 3-7 ■ 3
C ** (5) .8 .6 .03 .20 .0 3.8 • 3
Replaceable Cations
L+H 2-10 7.0 (5) 38.4 20.3 3.23 .10 78.6 - 19.5
A 11-25 19-0 (5) 37-8 19.9 1.74 • 13 56.9 - 18.5
B 5-35 16.2 (5) 27-9 16.3 .83 .19 9-4 - 15.8
C JU JL ** (5) 27-9 11.8 .70 .61 4.6 - 13-1
HC1-extractable Cations
L+H 2-10 7.0 (5) 57.3 38.7 24.0 1 -3 142.6 - 31.3
-■Numerals in parentheses indicate number of measurements averaged.
**Thickness not measured.
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Table 5- Vegetation associated with jack pine in the order of decreas­
ing average cover-abundance values for each stratum.
Plot Number: 46 47 48 49
Plot Size (hectares) : .01 .01 .01 .01
Stratum
Al Pinus banksiana 5 5 4 4
A2 P. banksiana 4 3 2
A3 P. banksiana 2 +
B1 Amelanchier alnifolia 2
Pinus banksiana 1
B2 Amelanchier alnifolia 3 1 3
Rosa woodsii + + +
Prunus virginiana +
C Arctostaphylos uva-ursi 4 3 4 5
Vaccinium angustifolium 2 3 1 2
Fragaria virginiana 2 2 2 2
Rosa woodsii 2 1 2 2
Maianthemum canadense 2 2 3
Amelanchier alnifolia 2 2 2
Lathyrus orckroleucus 1 2 2
Galium boreale 1 1 1 1
Oryzopsis asperifolia 1 1 1 1
Rhus radicans 2 2
Erigeron philadelphicus + 1 + +
Pteridium aquilinum 1 1
Schizachne purpurascens 1 1
Apocyanum sibericum 1 1
Equisetum hymale + + +
Vicia americana + + +
Campanula rotundifolia + +
Diervilla lonicera 1
D Ceratodon pupureus X
Dicranum polysetum X
HeterophyIlium haIdanianum X
Pleurozium sckreberi X
Ptilidium pulchellum X
Sporadic species:
C Achillea millefolium, Agropyron repens, Corylus americana,
Lathyrus venosus, Poa pratensis, Polygala seneca, Potentilla 
tridentata, Prenanthes alba, Prunus besseyi, Symphoricarpus 
orbiculatus, Thalictrum venulosum.
Avg. 
C-A
4.
2 .
1 .
k. 
2 . 
2. 
1 . 
1 . 
1 . 
1 . 
1 . 
1 . 
1 . •
• 3
• 3
x - denotes species presence only.
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Fig. 8. Amelanchier alnifolia, dominant species of the
shrub stratum of the jack pine community (Plot ^6).
27
Fig. 9- Aretostaphylos' uva-ursi,
center foreground, dominant 
species in the herb stratum 
of the jack pine community 
(Plot 46).
I
2 8
strawberry (Fragaria virginiana) were also abundant, however, their 
cover was much less.
Soils
Soils under the jack pine community were well drained, sandy clay 
loams developed on finely sorted Lake Agassiz sands. These soils are 
probably related to the Poppleton series described by McMiller et al. 
(1942) for the general area around the jack pine study sites. However, 
sandy clay loams as found in this study were not mentioned as such by 
them. The soil profile included litter, humus, and A, B and C horizons.
Litter layers composed largely of jack pine and bearberry litter 
averaged three cm in depth. Humus layers averaged five cm in thickness. 
Mean pH of jack pine L+H samples was 5-0 and mean E.C. was 571 ^jmhos/cm.
The A horizons ranged from five to 2k cm in thickness and averaged 
12.8 cm (Table 6). They were very friable, dark gray, clay loams of 
granular structure. Bulk density averaged 0.8 g/cc. Mean pH was 5*8 
and mean E.C. was 82 ^mhos/cm. The boundaries between the A and B 
horizons were distinct.
Soils of the B horizons were loose, light gray colored, sandy clay 
loams. Mean bulk density was 1.2 g/cc. Mean pH was 6.2 and mean E.C. 
was 38 ^ mhos/cm. Boundaries between B and C layers were indistinct.
The C horizon soils were light grayish-yellow, loose, sandy clay 
loams. In two soil pits, large granite boulders were encountered at 
depths of around 50 cm. The presence of scattered boulders is charac­
teristic of the Poppleton series (McMiller et al. 19^2). A few very 
small chalky stones were found in the C horizons of two soil profiles at 
about 40 cm. Stoniness was less than 0.5% and mean bulk density for the 
C layers was 1.3 g/cc. Maximum rooting occurred in the upper 40 cm of
Table 6. Mean water soluble and replaceable cations in litter+humus and mineral soil horizons, and mean HC1- 
extractable cations in litter+humus from jack pine study sites.
Hori zon Thickness (cm) Ca Mg K Na Mn Fe Sr
meanrange cv i uu a ppm - ■ ■
Water Soluble Cations
L+H 5-12 8.0 (4)* 5-2 2.5 2.19 .17 106.6 10.6 2.5
A 5-24 12.8 (4) .5 .2 .09 .05 4.6 6.5 .3
B 5-20 10.2 (4) .1 . 1 .04 .05 1 .1 6.7 .0
C . U L ** (4) .1 .1 .03 .04 .3 16.2 .0
Replaceable Cations
L+H 5-12 8.0 (4) 19-4 7.8 2.69 .12 438.7 - 8.8
A 5-24 12.8 (4) 10.1 2.5 .36 .06 103.9 - 5-0
B 5-20 10.2 (4) 8.4 1.6 .17 .05 50.7 - 1.7
C JL JL ** (!}) 2.3 .9 • 31 .05 20.3 - 1 .4
HCl-extractable Cations
L+H 5-12 8.0 (4) 106.0 6.8 1.9 .7 602.6 - 9-4
'•Numerals in parentheses indicate number of measurements averaged.
**Thickness not measured.
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the soil profile. Mean pH of the C horizon soils was 6.6 and mean E.C. 
was 30 jjmhos/cm. The E.C. decreased with increasing depth in the soil 
profile as did the water soluble and replaceable cations (Table 6).
Black Spruce and Tamarack
The pure and even aged black spruce stand (Fig. 10) was over 80 
years old and reached 20 m in height (Table 3). The crown was well 
closed in three of the five study plots (Table 7). Crown cover was 
reduced in the remaining two plots, 9 and 10. Shrub cover of red osier 
dogwood and cover of the dominant species in the herb stratum labrador 
tea (Ledum groenlandioum) (Fig. 11), were greater in study plots 9 and 
10 illustrating an inverse relationship between crown and understory 
cover.
The tamarack stand (Fig. 12) was relatively young with a mean age
of 24 years (Table 3), however, several trees in the area adjacent to
the study site had attained ages of over 55 years. The stand averaged 
*
9.5 m in height even though many trees reached heights of 14.5 m. Des­
pite a high crown cover, light penetration to the understory remained 
relatively high. The presence of tamarack in the upper shrub stratum 
verifies this since this species is extremely shade intolerant (Baker 
1949). Bog birch (Betula pvmila) was the only other species occupying 
the shrub stratum. A decrease in jewelweed (Impatiens biflora) cover 
in the herb stratum (Fig. 13) going from study quadrat one to five 
appears to correlate with a slight increase in the height of the water 
level (Table 8). Several herb and moss species were found under both 
black spruce and tamarack (Table 9). Red raspberry, red osier dogwood 
and buckthorn, with high cover under both, were also abundant under
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Table 7* Vegetation associated with black spruce in order of decreasing 
average cover-abundance values for each stratum.
Plot Number 6 7 8 9 10
o
 > i 
<
Plot Size (hectares): .01 .01 .01 .01 .01
Stratum
A1 Picea mariana k k 3 2 3.
A2 P. mariana 1 2 1 1 1 1 .
B2 Cornus stolonifera + + 1 2 2 1 .
C Ledum groenlandiaum + 1 2 2 2 1 .
Vaccinium oxycoccos 1 1 1 1 1 1 .
Mitella nuda 1 1 1 1 1 1 .
Trientalis borealis 1 1 1 1 1 1 .
Orehis rotundifolia 1 1 1 1 1 1 .
Ciraaea alpina + 1 1 1 + •
Pyrola rotundifolia 1 1 + + +
Linnaea borealis + + 1 + 1
Saxifraga pennsylvanica 1 + 1 1
Cornus canadensis + 1 1 1
Smilacina trifolia + + + + +
Habenaria dilatata + + + + +
Maianthemum canadense + + + + +
Carex comosa + 1 1
Calamagrostis canadensis + 1 1
Vaccinium vitis-idaea + + +
Lis tera cordata + + +
Corallorhiza trifida + +
Smilacina stellata + + .
Cypripedium calceolus + + .
var. pubescens
Houstonia longifolia + .
D Dicranum polysetum X X X X X
Sphagnum wulfianum X X
x - denotes species presence only.
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Table 8. Vegetation associated with tamarack in order of decreas i ng
average cover-abundance values for each stratum
Plot Number: 1 2 3 b 5 Avg
C-A
Plot Size (hectares): .01 .01 .01 .01 .01
Stratum
A 1 Larix laricina k b b b b b. 0
A2 L. laricina 2 2 2 2 2 2.0
a3 L. larioina 1 1 + + + .7
B 1 L. laricina + 1 2 1 3 .1
B2 L. larioina + + .2
C L. larioina + .1
A3 Salix pedicellaris
B2 Betula pumila +
C Impatiens biflora b
Betula pumila 2
Ribes lacustre 1
Campanula apparinoides 1
Rubus aoaulis
Urtica dioioa 1
+
b
+
3 1
+
1
1
1
+
1
1
1
1
Salix Candida + + + + 1
S. pedioellaris 1 1 + +
Lyoopus virginious + 1 1 +
Ciouta bulbifera + 1 + + +
Potentilla palustris + + + + +
Solidago gigantea + 1 + +
Aster punioeus + + 1 +
Dryopteris austriaoa + + + +
var. spinulosa
Geum allepioum + + + +
Scutellaria gallericulata + + +
Lysmachia thrysiflora + + +
Trientalis borealis + 1
Helodium blandowii X X X
Sphagnum centrale X X X
.1 
.b 
2.6 
1.1 
1 .
1.
x - denotes species presence only.
^■
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Table 9. Vegetation associated with black spruce and tamarack in order of decreasing average cover- 
abundance values. Moss species are listed in alphabetical order.
Plot Number: 1 2 3 5 6 7 8 9 10
Plot Size (hectares): .01 .01 .01 .01 .01 .01 .01 .01 .01 .01
Stratum
C Rubus strigosus 2 1 2 2 2 2 1 1 2 2
Cornus stolonifera 1 + 1 1 1 1 2 2 2
Caltha palustris 1 + + 1 + 1 + + 1 1
Glyceria striata 1 + 1 + + + 1 + 1 1
Equisetum fluviatile + + + + + + + + 1 1
E. palustre 1 + + + + + + + + +
Thelypteris palustris + + + + 1 + 1 1
Rhamnus alnifolius 1 1 1 1 1 + +i
Petasites sagittatus + 1 1 + 1 1
Galium labradorioum + + + + + + + + + +
G. triflorum + + + + + + + + + +
Lonicera oblongifolia + + + + +
Epilobium glandulosum + + + +
D Aulooomnium palustre X X X X X X X X
Brachythecium oxycladon X X X X X X X
Climacium dendroides X X X X X X
Dicranum undulatum X X X X
Itniirn cuspidatum X X X X X
Pleurozium sehreberi X X X X X X X X X X
Polytrichum guniperinum
var. affine X X X X X X X X X X
Rhynchostegrilla compacta X X X X
Sphagnum recurvum X X X X X X X X
S. teres X X X X X
Thuidium recognition X X X X X X
x - denotes species presence only.
Avg.
C-A
1 .7 
1 .2 
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Fig. 10. Tree stratum of the black spruce community (Plot 6).
Fig. 11. Ledum groenlandieum, dominant species in the herb 
stratum of the black spruce community (Plot 8). •
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Fig. 12. Tree stratum of the tamarack community (Plot 1).
Fig. 13- Impatiens biflora, dominant species in the herb 
stratum of the tamarack community (Plot 1).
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aspen (Table 1) .
Organic Soils
Peat surface temperature was significantly higher on May 28, 197A 
under tamarack and remained higher through mid-August (Fig. 1A). After 
mid-August, surface temperature was very similar under both communities.
The peat substrate of the black spruce stand was largely of woody 
origin. It reached depths of 80 to 85 cm and was underlain by heavy, 
bluish-gray, lake-laid clay. Peat under the tamarack stand exceeded 
1.5 m in depth and was of mixed woody and non-woody origin.
Bulk density of peat under black spruce and tamarack was similar 
in the upper peat profile but differed significantly at the 80 cm depth 
(Tables 13 and 15) which also marked the end of the peat profile under 
black spruce. Upward migration of mineral materials with water table 
fluctuations may explain the higher bulk density. Ash content of the 
peat from the two communities differed significantly (Table 13), under 
black spruce being nearly twice that of the tamarack peat (Table 15). 
Compared to other depths, ash content was higher in peat at 10 cm under 
both communities and extremely high at 80 cm under black spruce.
The pH of peats from the two communities was significantly 
different (Table 11). Black spruce peat averaged nearly one pH unit 
higher than tamarack peat (Table 15)- This may be an indication of 
greater mineral water influence and/or that less acidic plant materials 
were accumulating under the black spruce.
Electrical conductivity was not significantly different in tamarack 
and black spruce peats, indicating that the ionic potentials of the 
peats were similar but not precluding differences in water soluble
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Table 10. Critical Values of the F-distribution for each analysis of 
variance.
Cri tical Values at
df P « .05 P * .1
Time 9 2.24 3-11
L i tter Commun i ty 1 4.20 7.64
(HCl-extractable) Litter Type 1 4.20 7.64
Error 28 ~
Depth 5 2.41 3.42
Peat Communi ty 1 4.04 7.19
(HC1-extractable) 1nteract i on 5 2 41 3.42
Error 48 • “ ”
Depth 5 2.41 3.42
Peat Commun i ty 1 4.04 7-19
(Replaceable) 1nteraction 5 2.41 3.42
Error 48 - “
Depth 5 2.41 3.42
Peat Communi ty 1 4.04 7.19
(Water-solubl e) 1nteraction 5 2.41 3.42
Error 48 “ “
T i me 4 2.61 3.83
Water
Communi ty 1 4.08 7-31
1nteract ion 4 2.61 3-83
Error 40 - -
Table 11. Calculated F values for Ca, Mg, K, Na, pH and E.C. in 1 i tter, peat and water.
Ca Mg K Na pH E.C.
Li tter Time .42 .69 1 .96 1.45 _ _
(HCl-extractable) Communi ty 18.18** 19-32** 9.26** 3.87 - -
L i tter Type 1 1 .79** 48.16** 6.38* .25 - -
Peat Depth 4.66** 4.89** 72.52** • 89 __
(HCl-extractable) Communi ty 1 1 1 .99** 4.50* 2.16 .98 - -
1nteraction 145.73** 4,78** 1.15 .49 - -
Peat Depth 4,32** 2,06 10.57** .19
(Replaceable) Communi ty 144,43** 76.45** .44 7.05** - -
1nteract i on 2.72* ,12 1.37 - -
Peat Depth 10.32** 26.02** 44.17** 4.50** 3.02** 32.21**
(Water-soluble) Communi ty 6.00** 18.30** 2.26 59.50** 187.16** .15
1 nteraction 2.04 1.55 1.14 2.25 4.17** 1.59
Time 7.86** 1.68 1.17 1.18 8.58** 16.96**
Water Communi ty 341.84** 1 1 .91** 3.17 42.05** .92 149.43**
1nteraction 3.33** 2.02 1 .54 2.12 2.12 2.22
’-'Significant at .01 level.
’-Significant at .05 level.
Table 12. Calculated F values for Mn, Sr, Fe, A1, B and Pb in 1 i tter and peat.
Mn Sr Fe. A1 B
L i tter T i me • 76 1 .65 2,40 2.70 • 54
(HC1-extractable) Communi ty 8.39** 3.36 24.97** 27.72** 2.48
Litter Type .28 .b2 8.02** 15.18** 1.19
Peat Depth 8.89** 19.12** 31.86** 23•76** 9.98**
(HC1-ext ractable) Communi ty 3.08 86.02** 12.51** 45.26** 26.54**
1nteraction .24 5.04** 10.44** 37.69 2.46**
Peat Depth 12 .09** b. 38** - - -
(Replaceable) Communi ty 2.10 1.55 - -
1nteract ion .69 3.94** - -
Peat Depth 6.32** 9.74** 5.08** - -
(Water-soluble) Communi ty .05 .02 23.57** - -
1 nteraction .08 b.52** 1.63 - -
**Significant at .01 level.
Pb
3 . i(5*A
4.54** 
29-56**
58.60** 
64.14** 
5.29**
*Significant at .05 level.
Table 13. Calculated F values for Cu, Zn, Ni, ash content, litter production (LP) and bulk density (BD)in
1 i tter and peat,
Cu
Time .88
Litter
Communi ty 6.08*
(HCl-extractable)
Litter Type .01
Peat
Depth 3.81**
(HCl-extractable) Communi ty 25.45**
Interaction 2.97*
Zn Ni Ash LP BD
1.94 - 2.06 3.41** -
5.13* - 4.93* Ul OO -
.29 - 2.25 2.80 -
54.39** 6,15** 14.78** - 4.96**
17-30** 2 1.05** 53.51** - 8.56**
12.58** 4.00** 15.81** - 1.45
**Significant at .01 level. 
-'-Significant at .05 level.
Table 1 *4. Calculated F values for P, NO3 , CO3 , HCO3 and Cl in litter, peat and water.
Time
P
1 .**9
no3 c o 3 hco3 Cl
Li tter
Communi ty 8.11** - “ - -
extractable)
Li tter Type 6.2*t*
Depth 26.17** - - - -
Peat
Communi ty 20.35** - - - -
extractable)
1nteraction 11.72**
T i me 13-60** 2.91 .11 *4.70** .90
Water Communi ty .60 20.21** 17.88* 1 8 .50** .2*4
1nteraction 6 .38** .*42 .56 1.06 1 . 5 1
**Significant at .01 level. 
■’'Significant at .05 level.
Table 15- Means for pH, E.C., ash composition and bulk density of tamarack and black spruce peat.
pH E .C. Bulk Dens i ty
Depth
cm Lavix Picea
Mmhos/cm
Lavix Picea
%
Lavix
Ash
Picea
3
g/cm
Lavix Picea
5 (5)* 5.9 6.9 1.3 1.6 14.0 19-0 JUJU /We
10 (5) 6. 4 6.9 .8 • 9 25.2 24.0 .13 .15
20 (5) 6.1 6.8 .5 .7 10.6 19-0 .16 .13
40 (5) 6.0 6.7 .5 • 5 10.4 17.2 .16 .13
60 (5) 6.0 6.6 • 5 .b 10.6 18.6 .16 .12
80 (5) 5-8 7-1 .6 .b 1 1.2 53.0 .15 .59
Grand Mean (30) 6.0 6.8 • 7 • 7 13.7 25.1 .15 .28
•''Numerals in parentheses indicate number of measurements averaged.
**Bulk density of upper 5 cm not measured.
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cation concentrations. Differences with respect to peat depth were high­
ly significant (Table 11). The upper 10 cm under both stands showed 
higher E.C. (Table 15)- It seems logical that there would be greater 
concentrations of soluble ions in the upper, less decomposed and less 
leached layers.
Of the water soluble cations measured, only Ca, Mg, Na and Fe con­
centrations were significantly different under the two communities 
(Table 11, 12). Calc ium concentrations averaged 1.2 times higher in 
black spruce peat (Table 16). Water soluble Mg, Na and Fe concentra­
tions were all higher in the tamarack substrate (Tables 16, 17)- No 
significant differences were found with respect to community type for 
water soluble K, Mn and Sr.
Mean replaceable Ca concentration in black spruce peat was 1.8 
times greater than that in tamarack (Table 18), a highly significant 
difference (Table 11). Concentrations were significantly lower in the 
upper 5 cm of peat under both communities (Tables 11, 18). Replaceable 
Mg concentrations were found to be significantly greater in tamarack- 
peat (Tables 11, 18). No significant differences were found with 
respect to depth.
Black spruce peat had significantly higher concentrations of 
replaceable Na (Tables 11, 18). Differences by depth were not signi­
ficant. No significant differences were found between the two communi­
ties with regard to concentrations of replaceable K, Mn or Sr, however,
K and Mn concentrations were significantly higher in the upper 10 cm of 
peat under both communities (Tables 11, 18).
The mean HC1-extractable Ca concentration was 1.8 times greater* in 
black spruce peat, a highly significant difference (Tables 11, 19)- Ca
Table 16. Mean water soluble Ca, Mg, K and Na concentrations in tamarack and black spruce peat •
Ca Mg K Na
Depth
cm Larix Picea Larix
■ ■ ■ ■ me/iuu
Picea
9
Larix Picea Larix Picea
5 (5)* 6.9 10.2 7.3 5.9 3.09 3.26 .42 • 37
10 (5) 6.3 7.6 4.9 3.5 • 32 1.35 • 37 .24
20 (5) 4.0 6.2 2.9 2.9 .07 .22 .33 .25
4o (5) 3.8 4.5 2.8 2.0 .05 .08 .40 .25
60 (5) 3-6 4.6 2.7 1.9 .04 .04 • 32 .22
80 (5) 5.1 3-5 3-8 1 .4 .04 .03 .hi .20
Grand Mean (30) 5.0 6.1 4.1 2.9 • 72 .83 .38 .25
*Numerals in parentheses indicate number of measurements averaged.
Table 17- Mean water soluble Mn, Fe and Sr concentrations in tamarack
and black spruce peat.
Mn Fe Sr
Depth
cm Larix Pioea
ppm
Larix Pioea Larix Pioea
5 (5) 54 .6 45 .6 3 .0 2 .6 2.3 3 .0
10 (5) 12.0 8.1 3 -3 1 .6 1 -9 2.2
20 (5) 1 .8 4 .8 2.1 1.3 1.5 1 .8
4o (5) .4 1 .0 2.1 1 .2 1.5 1 .6
60 (5) .6 2 .0 1.9 1 .6 1 .5 1 -5
80 (5) 1 -3 1 .1 2 .7 1.4 2 .2 1 .0
Grand
Mean (30) 11 .8 10.4 2 .5 1 .6 1.8 1 -9
Ca Mg K Na Mn Sr
Table 18. Mean replaceable Ca, Mg, K, Na, Mn and Sr concentrations in tamarack and black spruce peat.
--- me/lOOg---
Depth
cm Lavix Picea Lavix Picea Lavix
5 (5)* 53-3 76. 4 22.5 17.5 5.6
10 (5) 69-0 110.4 22.9 17.4 2.7
20 (5) 56.1 120.5 19-5 20.3 2.0
40 (5) 58.2 115-4 19.6 17-3 1 .5
60 (5) 59.6 124.4 21.7 17-5 1.1
80 (5) 70.7 112.0 23.4 12.7 1 .6
Grand Mean (30) 61.2 109-8 21 .6 17.1 2.4
ppnv
Picea Lavix Picea Lavix Picea Lavix Picea
5.1 .7 1.1 345.0 291 -3 18.0 16.5
2.3 .7 1 .0 138.9 156.7 14.7 20.3
1.7 .5 1 .1 29.1 135.7 14.8 21.4
1.8 • 9 • 7 6.1 55-2 17.5 21.6
1.8 • 7 1.1 8.7 68.4 20.6 23.5
1.5 .8 .8 13-7 62.3 23.5 19-9
2.4 .7 1 .0 90.2 128.2 18.2 20.5
^Numerals in parentheses indicate number of measurements averaged.
Table 19. Mean HC1-extractable C a , Mg, K and Na concentrations in tamarack and black spruce peat.
Depth
cm Larix Pioea Larix
------ me/100
Pioea
g------
Larix Picea Larix Pioea
5 (5)* 1220.0 1516.3 29.6 25.8 4.3 4.2 3.8 3-0
10 (5) 1548.8 2110.0 32.9 26.2 1.6 1 .6 2.5 3.0
20 (5) 1122.5 2290.0 25.5 27.1 .8 1.1 3-5 3.1
40 (5) 1185.0 2292.5 26.5 31-2 • 7 • 9 2.4 1 -7
60 (5) 1435.0 2728.8 29.8 33-5 • 7 • 7 3.3 1.7
80 (5) 1586.3 3592.5 31.7 514.7 .5 1.1 3-0 3.3
Grand Mean (30) 1349.6 2421.7 29.4 109.7** 1.4 1.6 3-1 3.2
•'Numerals in parentheses indicate the number of measurements averaged.
**Grand mean is 28.8 when the high 80 cm value i s excluded..
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concentration increased with depth in the black spruce peat. At 80 cm, 
the concentration was 2.^ times that in the upper five cm. No consistent 
trends were evident for HC1-extractab1e Ca in the tamarack peat.
Mean HC1-extractable Mg concentrations were similar in tamarack and 
black spruce profiles with the exception of the 80 cm depth under black 
spruce where it was significantly higher (Tables 11, 19)- No signifi­
cant differences were found for HC1-extractable K and Na with respect to 
community type. Potassium decreased significantly with depth in the 
peat profiles of both communities, however, no consistent trends were 
evident for Na with peat depth (Tables 11, 19).
HC1-extractable Mn concentrations were significantly higher in the 
upper 10 cm of both community peat profiles, however, no significant 
differences were found between communities (Tables 12, 20). HCl-extract- 
able Sr concentrations were significantly higher in black spruce peat 
(Tables 12, 21). Strontium concentrations increased with depth in both 
community peat profiles,
HC1-extractable Fe and A1 were significantly higher in black spruce 
peat (Tables 12, 20). Concentrations of both elements were significant­
ly higher at the 80 cm depth under black spruce.
HC1-extractable B, Pb, Cu, Ni and Zn concentrations were also 
significantly higher in black spruce peat (Tables 12, 13 and 21).
Boron concentrations were highly variable at different depths, however, 
no consistent trends were evident. The highest concentrations of Pb 
were found in the upper 10 cm of the peat profiles of both communities.
No trends were evident for Cu with respect to peat depth. Nickel con­
centrations increased with depth in the peat under both communities
while Zn concentrations decreased.
Table 20. Mean HC1-extractable Mn, Fe, A1 and Zn concentrations in tamarack and black spruce peat.
Depth
cm Larix Pioea Larix Pioea Larix Pioea Larix Pioea
5 (5) * 879-0 1349.0 1195 1685 960 1610 70.9 61.1
10 (5) 467.0 595.0 3305 2155 2500 1639 61.4 42.5
20 (5) 60.3 223.6 995 1440 1410 1360 11.5 41.3
40 (5) 16.9 146.9 1080 1305 1150 1270 12.2 23.2
60 (5) 25.6 191.0 1180 2295 1060 1380 10.5 33.1
80 (5) 40.2 172.1 2215 3315 680 3210 7.7 29.1
Grand Mean (30) 297-8 446.3 1662 2033 1293 1745 29.0 38.4
•’'Numerals in parentheses indicate number of measurements averaged.
Table 21. Mean HCl-extractable B, Ni, Pb, and Sr concentrations in tamarack and black spruce peat.
B Ni Pb Sr
Depth
cm Larix Picea Larix
5 (5) 33-5 30.5 7.0
10 (5) 2.0 32.0 9-0
20 (5) 5-5 18.5 8.0
40 (5) 1.0 11.0 9.0
60 (5) 24.0 44.5 9-0
80 (5) 14.7 37.5 9.0
Grand Mean (30) 13.5 29.0 8.5
-PPn>
Picea Larix Picea Larix Picea
8.0 21 .0 29-0 28.3 25.8
11.0 23.0 24.0 22.2 37.4
11.0 6.0 19-0 20.6 41.5
9-0 8.0 1 1.0 23.8 42.2
13.0 5.0 9.0 33-5 49.4
19.0 9.0 18.0 39.4 59.3
11 .8 12.0 18.3 33.6 42.6
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Black spruce peat contained significantly higher concentrations of 
HCl-extractable P than did tamarack (Table 14). Consistent trends with 
respect to depth were not evident even though concentration of P varied 
considerably with depth in the peat profiles under both communities.
Water
Water from the two communities did not differ significantly in pH. 
It ranged from 7-4 to 9-3 with a mean of 8.6 under tamarack and from 
7-3 to 9-5 with a mean of 8.7 under black spruce (Table 22). The range 
indicates that the pH of water varied significantly with time under both 
communities (Table 11). Under both stands, it decreased as the water 
level dropped during June 1974. The water table dropped too low to 
sample under the tamarack during July and August. During the latter 
part of August, rainfall brought the water table back to the surface 
under both communities and pH rose to around 9-0.
Electrical conductivity was 1.3 to 1.5 times higher in water under 
black spruce. The ranges were from 272 to 524 ^ imhos/cm under black 
spruce and 210 to 341 ^mhos/cm under tamarack. The E.C. of water under 
both communities increased significantly with the coming of the rain in 
late August.
Calcium concentrations were significantly higher (1.7 to 2.3 times) 
in water under black spruce (Tables 11, 22). They also fluctuated 
significantly over time under both communities. Increase in Ca concen­
trations under the two communities was correlated with the August rain­
fall. This increase accounted for the increase in E.C. and pH mentioned
previously.
Table 22. Mean pH, E.C., 
30 to October
Ca, Mg, K 
19, 1974.
and Na concentrations in water under tamarack and black spruce from May
pH E.C.
jjmhos/cm
Larix Picea
Ca Mg K Na
Collect ion 
Date Larix Picea Larix Picea Larix Picea Larix Picea Larix Picea
5-30-74 (2)* 9-0 9-0 237-9 288.8 1.11 2.35 • 97 1.41 .07 .07 .22 .25
6-16-74 (2) 8.7 9.4 225.9 287.1 .96 2.53 2.62 1.48 .03 .04 .28 .22
6-27-74 (5) 8.2 7-7 237.6 340.7 1.37 2.52 1.04 1.40 .01 .06 • 25 .24
9-8-74 (5) 8.5 9.0 321.0 394.1 1.89 2.58 1.40 1.35 .01 .02 . 2 8 .16
9-21-74 (5) 8.5 8.7 319.3 472.1 1.68 2.96 1.14 1 -31 .02 .02 .25 .16
10-5-74 (5) 8.6 9.1 256.5 394.1 1.42 2.46 1.04 1 -37 • 03 .02 .25 .17
10-19-74 (5) 8.9 8.9 328.3 434.9 1.64 2.90 1.27 1.38 .01 .02 .27 • 15
Grand Mean (29) 8.6 8.7 284.1 391-7 1.44 2.61 1 .26 1.37 .02 .03 .26 .18
^Numerals in parentheses indicate number of measurements averaged.
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Mean Mg concentrations were slightly higher in black spruce water 
while Na concentrations were significantly higher under the tamarack 
(Tables 11, 23). Significant differences were not found for Mg and Na 
over the growing season or for K with respect to community and time.
Phosphorus concentrations were not significantly different in water 
samples from the two communities (Table 14). However, they did vary 
significantly over the growing season being higher in water under both 
communities before the dry period.
Nitrate concentrations in water under the tamarack stand were signi­
ficantly higher (an average of 4.4 times those under black spruce). 
Although no significant difference over time was shown statistically, a 
comparison of means indicates that nitrate concentrations were higher 
under both communities just prior to the dry period (Table 23).
Chloride concentrations were not significantly different in water 
from the two stands nor were the differences significant over time. 
Sulfate concentrations were negligible in water under both communities, 
hence, no comparison was possible.
Carbonates and bicarbonates were significantly higher under black 
spruce. No significant differences were found for CO^ with time, how­
ever, HCO^ concentrations increased significantly under both communities 
after the rains in late August (Table 14, 23).
Li tter
Physical Composition
The patterns of total, needle and woody litterfall from tamarack 
and black spruce from May 27 to November 17, 1974 were documented in
Table 23. Mean P, N0^ > C1, CO^ 
to October 19, 197*4.
P
and HCO^ concentrations
NO3
in water 
Cl
under tamarack and 
CO,
black
5
spruce from 
HCO
May 30 
'3
Col lection 
Date Larix Pioea
ppm--------
Larix Pioea Larix Pioea Larix Pioea Larix Pioea
5-30-7^ (2) * .26 .25 .12 .10 2.8*4 2.38 .80 .75 2.25 2.85
6-16-7*4 (2) .26 .19 .0*4 .08 3.58 2.67 .*40 1.25 2.35 2.55
6-27-7*4 (5) .1** • 3*4 • 52 .26 2.73 2.77 .*42 .76 2.08 2.90
9-8-7*4 (5) .06 • 09 .1*4 .00 2.28 3-97 .*46 .80 3.18 3.2*4
9-21-7*4 (5) . 11 .06 •33 .00 2.26 2.01 • 3*4 1 .02 2.88 3.60
10-5-7*4 (5) .10 .06 •39 .05 *4.35 3.10 .36 .88 2.32 3.30
10-19-7*4 (5) • 07- .02 • 3*4 .06 6.53 2.65 .5*4 .80 3.0*4 3.7*4
Grand Mean (29) .12 .12 .31 .07 3.57 *4.1*4 .*45 .87 2.6*4 3.26
•'Numerals in parentheses indicate number of measurements averaged.
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this study. Both species showed autumn peaks in litter production 
(Fig. 15). Black spruce litterfall peaked about two weeks prior to 
tamarack. Ninety-seven percent (339-4 g/m2) of the total tamarack 
litterfall (348.4 g/m2) was needle litter. Black spruce litter was 
composed of considerably more woody parts. Only 74% (176 g/m2) of the 
total (238.4 g/m2) black spruce litterfall was needle litter.
After the litter was collected on November 17. 1974, the collection 
baskets were left in the stands until November 17, 1975 at which time 
the litter accumulation for an entire year was collected. Tamarack 
litter (309.3 g/m^/yr) was only 84% needles (259-3 g/m2/yr). Black 
spruce litter collected over this period was surprisingly similar to 
that collected from May 27 to November 17, 1974. Seventy-nine percent 
(253-3 g/m2/yr) of the total black spruce litterfall (322.4 g/m2/yr) 
was needle litter. A comparison of the annual litterfall from the two 
communities shows very similar total oven-dry weight and needle composi­
tion.
Chemical Composition
HCl-extractable Ca concentrations were significantly higher in 
black spruce needle litter throughout the season (Table 11). The sea­
sonal mean Ca concentration in black spruce needles (1.0%) was nearly 
twice that in tamarack. An increase of Ca in black spruce needles was 
apparent on September 21, and was maintained through the last litter 
collection date on November 17 > 1974. The mean seasonal Ca concentra­
tions in tamarack needle and woody litter and black spruce woody litter 
were identical (0.54%).
Tamarack needle litter contained significantly higher concentra-
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tions of Mg (Table 11). The seasonal mean for tamarack needles was 
0.17% compared to 0.12% in black spruce needles. There was a trend of 
increasing Mg concentration in tamarack needles between September 8 and 
October 19, 1974. Magnesium concentrations were significantly higher 
in needles compared to woody litter. Seasonal means for tamarack and 
black spruce woody litter were 0.11 and 0.08%.
Seasonal K concentration was significantly higher in tamarack 
needle litter (Table 11). Mean K concentration in tamarack needles was 
0.31% compared to 0.201 in black spruce. Tamarack woody litter averaged 
0.20% K for the collection period while black spruce woody litter con­
tained a mean concentration of only 0.12%. The K concentration in 
needle and woody litter of both species decreased over the collection 
period. This was most apparent in the tamarack needle litter. No sig­
nificant differences were found for Na concentrations with respect to 
community, litter type or time of collection.
Tamarack woody litterfall contained nearly twice the Mn concentra­
tion (seasonal mean, 211 ppm) than did black spruce (seasonal mean,
109 ppm). Tamarack needlefall also contained significantly higher Mn 
concentrations (seasonal mean, 150 ppm) than black spruce (seasonal 
mean, 137 ppm). No consistent seasonal trends were apparent.
Iron concentration in black spruce woody litter averaged nearly 
twice that in tamarack (seasonal means, 492 and 255 ppm). Black spruce 
needle litter also contained significantly higher Fe with a seasonal 
mean of 334 ppm compared to 204 ppm for tamarack (Table 12). Iron con­
centrations decreased in needle and woody litter of both species as the 
season progressed, however, this decrease was much more apparent in the
needle 1 i tterfal1.
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Aluminum concentrations were significantly higher in needle and 
woody litterfall from black spruce (Table 12). The mean seasonal A1 
concentration in black spruce woody litter was 509 ppm compared to 273 
ppm for tamarack. Black spruce needle litter contained a seasonal mean 
of 32^ ppm compared to 172 for tamarack. Decreases in A1 concentrations 
were apparent in the woody and needle litterfall from both species over 
the collection period. As with Fe, this trend was most apparent in needle 
1i tter.
Zinc concentrations were significantly higher in black spruce needle- 
fall with a seasonal mean of 77 ppm compared to k2 ppm in tamarack 
(Table 13). Mean Zn concentration in woody litterfall from both species 
was 55 ppm. No consistent seasonal trends were apparent.
Boron concentrations were not significantly different in woody 
litter from tamarack and black spruce; seasonal mean concentrations were 
23 and 20 ppm. Lower B levels were found in black spruce needles (sea­
sonal mean, 9 ppm) than in tamarack (23 ppm). There were no significant 
differences over time.
Copper concentrations were significantly higher in tamarack needle 
and woody litter (6 ppm in both). Black spruce needle and woody litter 
contained 5 and A ppm. No seasonal trends were apparent.
Lead concentrations were significantly higher in black spruce 
woody and needle litter (Table 12). Seasonal means were 19 and 11 ppm 
for black spruce compared to 15 and 9 ppm for tamarack. Lead concentra­
tions were significantly lower in the needle litter from both species 
during September, October and November.
Strontium concentrations were not significantly different with 
respect to community or litter type. Concentrations decreased in the
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needle litter from both species during September, October and November.
Phosphorus concentrations were significantly higher in tamarack 
litter (Table 14). Seasonal mean concentrations in tamarack needle and 
woody litter were 2034 and 1154 ppm (0.20 and 0.12%). This compared to 
1074 and 805 ppm (0.11 and 0.08%) in black spruce needle and woody 
litter. Phosphorus concentration decreased in the needlefall from both 
species throughout the collection period.
Seasonal inputs of Ca, Mg, K, Na, Mn, Fe, A 1, Zn, B, Cu, Pb, Sr 
and P from tamarack and black spruce litter during the six month period 
from May 27 to November 17, 1974 were computed (Tables 24-26). Greater 
seasonal inputs of Ca, Fe, A1, Zn, Pb and P were from black spruce 
litter. Greater seasonal inputs of Mg, Mn, B, Cu and Sr were from 
tamarack litter. Similar inputs of K and Na were made from both species.
Table 24. Inputs of Ca, Mg, K, and Na from black spruce and
17, 1974.
Ca Mg
Col lection 
Date Larix Picea Larix Picea
6-15-7* 1.19 11.51 ■ 38 1.59
6-27-74 1.42 6.97 • 32 1.10
7-20-7b 2.78 11.20 .67 1.44
8-7-74 2.30 9.12 .62 1.28
8-23-74 1.85 8.23 .47 • 99
9-8-74 1.70 9.34 • 54 1.33
9-21-74 2.33 15-01 .84 1.89
10-5-74 33-52 97-56 13.17 10.33
10-19-74 138.89 24.57 57.78 3.01
11-17-74 8.65 32.87 3-55 3.65
Tota 1 194.63 226.38 78.34 26.61
tamarack litterfall between May 30 and November
K Na
Larix Picea Larix Picea
1.27 2.93 .07 .28
• 89 2.05 • 07 . 16
1.51 2.01 .08 • 23
1.85 2.36 • 09 .25
1.06 1 .22 • 09 • 27
1.52 2.08 .09 .23
1.70 3.63 .08 .22
11.89 15.92 1.11 1.35
21.65 4.09 3-35 • 29
1.01 4.40 .26 • 37
44.35 40.69 5.29 3.65
Mn Fe A1 Zn
------------------------------------------  mg/ha--------------------------------------------
Table 25. Inputs of Mn, Fe, A1 and Zn from black spruce and tamarack litterfall between May 30 and November
17, .197*.
Col lection 
Date
Larix Pioea Larix Pioea Larix Pioea Larix Pioea
6-15-74 53-30 177.54 79-77 724.08 88.48 742.93 13.65 103.23
6-27-74 37-94 253.22 62.35 304.11 60.68 288.70 16.16 61.89
7-20-74 92.40 181.11 157-59 736.83 162.00 831.15 21.95 93-96
8-7-74 82.98 153-50 126.82 509-41 110.98 498.52 15-53 73.06
8-23-74 63.63 120.12 95-55 755.23 72.94 740.11 32.18 68.82
9-8-74 51.05 164.06 62.53 545.19 38.85 514.22 11.84 84.71
9-21-74 63.41 199.92 69.15 288.21 44.72 266.91 17.16 121.93
10-5-74 995.26 1371-02 820.36 1719.03 559-60 1874.08 148.69 759.53
10-19-74 2290.42 253-33 2014.17 463.32 1200.00 478.50 425.45 167.29
11-17-74 255.43 364.64 229.75 673-53 210.76 706.48 30.25 233.10
Tota 1 3985.82 3238.46 3718.04 6718.94 2549.01 6941.60 732.86 1767.52
Table 26. Inputs of B, Cu, Pb, Sr and P from black spruce and tamarack litterfall between May 30 and Novem­
ber 17, 1974.
B Cu Pb Sr P
Col lection 
Da te Lavix Pioea Lavix Pioea
my/ nd
Lavix Pioea Lavix Picea Lavix Pioea
6-15-74 3.84 16.12 21.35 65-53 4.34 20.03 2.93 22.80 1117.90 1500.38
6-27-74 9-25 .34 17-70 39-53 3.02 8.44 2.15 11.75 615-77 963-71
7-20-74 13.05 16.67 25.92 71.42 5.37 24.60 7.75 22.55 927.30 1371.96
8-7-74 14.70 15-90 23.04 55-72 4.54 18.45 4.97 18.41 940.07 1179-14
8-23-74 8.19 32.79 17.01 54.80 6.55 27-40 5.78 14.94 660.54 1228.75
9-8-74 2.41 22.19 18.50 74.13 2.96 20.55 4.80 16.87 583.67 1267.71
9-21-74 12.33 19-71 25.90 60.72 2.74 10.18 7.04 32.28 837.10 1448.07
10-5-74 124.20 61.88 111-SI 382.32 36.25 65-01 171.77 209-46 7542.45 6899.09
10-19-74 237.17 49.71 1874.64 98.53 1.26 19.78 972.63 53.33 5155.54 2425.29
11-17-74 37.85 62.89 68.84 128.92 10.75 19-97 52.67 60.98 1080.65 2301.75
Total 462.99 298.20 2310.M 1031.62 77.78 234.41 1232.49 463.37 19460.99 20585.85
DISCUSSION AND CONCLUSIONS
Aspen
Of the 5-**7 million ha covered by aspen forests in the three Lake 
States (Minnesota, Wisconsin and Michigan) 2.02 million ha are found in 
Minnesota alone (Hansen and Kurmis 1972). It is important as a fast 
growing pulpwood species. In addition, aspen provides food and shelter 
to many wildlife species including moose, white-tailed deer, beaver and 
ruffed grouse (Brinkman and Roe 1975) -
In this study, aspen was associated with balsam poplar and green ash 
in the tree stratum and red osier dogwood, American and beaked hazel in 
the shrub stratum. This association is common for the eastern part of 
its range (U.S.D.A. For. Serv. 1965). It corresponds to the Mesotrophic 
Moist Type described by Mueller-Dombois (196*0 in southeastern Manitoba.
Green ash and bur oak were abundant in the herb and shrub layers.
It appears that the aspen type in the present study may be progressing 
toward a green ash-bur oak dominated community provided fire, cutting or 
other man-caused factors do not intervene. This successional trend is 
not uncommon in the Lake States, however, the majority of aspen stands 
succeed toward the more valuable sugar maple (Acer saocharum) and bass­
wood (Tilia americana) or balsam fir (Abies balsamea) dominated communi­
ties (Heinselman 195*0-
Zehngraff (19^9) stressed the influence of soil conditions on aspen 
growth. Stoeckeler (19**8), in relating soil particle size of the upper
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mineral horizons to aspen site index, found that sandy clay loams (50% 
silt+clay) provided conditions for optimal growth. In soils with greater 
percentages of clay, site index decreased because of poorer soil aera­
tion and excessive fluctuation of soil moisture. Since clay soils tend 
to be more hygroscopic, less water is available during dry periods.
These soils can also be subject to waterlogging during wet periods 
where drainage is restricted by compacted clay. Soil A and B horizons 
in the present study averaged **0% clay and 60% silt+clay. These soils 
supported aspen with a site index of 60 ft/50 yr (18.46 m/50 yr) as 
determined from the site index curves of Brinkman and Roe (1975). This 
is midrange for average aspen site index in the Lake States. Aspen 
site index in optimum habitats ranges between 70 and 80 ft/50 yr (21.54 
and 2A.62 m/50 yr). It appears, therefore, that aspen in the present 
study areas occurred on soils with higher silt+clay content than those 
enabling optimum growth.
Nutrient availability is also directly related to soil particle 
size. The smaller the particle size, the greater the number of exchange 
sites upon which nutrient ions can be adsorbed, and hence, retained in 
the rooting zone. Stoeckeler (1948, 1961) stressed the importance of 
calcium for optimum aspen growth. Voigt et al. (1957) found that aspen 
growth was significantly better on soils with higher concentrations of 
Ca, Mg, K, and nitrogen. In the present study, Ca and Mg concentrations 
were very high throughout the soil profile. Mean replaceable Ca and Mg 
concentrations were three times, and K twice, those found by Stoeckeler 
(1948) on his best site. Obviously, these elements were not limiting 
aspen growth in the present study.
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Jack Pine
Jack pine covers more than 0.81 million ha in the Lake States 
(Benzie 1972), it is important as a pulpwood speices and provides food 
and shelter for wildlife. Jack pine is a relatively short-lived 
species. Because of its shade intolerance, it requires fire to persist 
for more than one generation, otherwise it is quickly replaced by more 
shade tolerant species (Brown and Curtis 1952). Although individual 
trees may be killed by fire, the species is perpetuated from seeds 
released when the heat from fire dries the serotenous cones.
In this study, jack pine was associated with juneberry in the 
shrub layer and more significantly, bearberry and lowbush blueberry 
in the herb stratum. This is a common association for jack pine on 
dry soils (Moss 1953, Janssen 1967).
Although jack pine may occasionally be found growing on moist, 
base-rich clay soils as in southeastern New Brunswick, it is generally 
found on dry, nutrient-poor, sandy soils over most of its range (Brown 
and Curtis 1952, U.S.D.A. For. Serv. 1965). Where it becomes esta­
blished on the moist, nutrient-rich sites, it is often quickly replaced 
by other species, such as balsam fir, unless the invading species are 
continually set back by frequent fires.
Jack pine growth is closely related to the characteristics of the 
soil which influence both fertility and water holding capacity (Pawluk 
and Arneman 1961). They found a very high correlation between particle 
size of soil surface horizons and jack pine site index; their best sites 
averaged 5% clay and 25% silt+clay. In the present study, soils were 
sandy clay loams with 27% clay and 30% silt+clay. Jack pine growth was 
excellent here. The average density and basal area (Tables 2, 3) were
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much higher than figures reported by Foster and Morrison (1976) for a 
normally stocked jack pine stand. It appears that the fine sand fraction 
of the soil is also important as Pawluk and Arneman (1961) found greater 
correlation with site index when the very fine sand fraction was included 
with the silt+clay in their statistical analysis.
Replaceable Ca, Mg, and K values were higher in soils from the 
present study than those reported (Pawluk and Arneman 1961, Foster and 
Morrison 1976). This may be due to the higher percentage of very fine 
particles in these soils. Replaceable Ca, Mg and Sr were much higher 
in the aspen soils which were also higher in clay content (Tables A, 6).
Replaceable Mn was very high in the jack pine soils compared to 
the aspen soils. Concentrations of Mn in jack pine foliage as reported 
by Henry (1973) were five to ten times higher than in aspen foliage.
This may be a manifestation of the inverse relationship between soil pH 
and Mn availability reported by Collins and Buol (1970).
Black Spruce and Tamarack
Black spruce and tamarack cover 0.81 and 0.41 million ha in the 
Lake States (Johnston 1972, 1973). Both are important pulpwood species 
and provide wildlife with food and shelter. They are generally found 
on cool, wet peatlands in the southern parts of their range although in 
the northern latitudes they are commonly found on upland sites as well.
In the present study, they were found on a sloping peatland fitting 
Heinselman's (1970) "Minerotrophic" and "Weakly minerotrophic" classi­
fication of peatland types. Black spruce occurred in a pure stand 
along a gradient between a rich swamp forest upslope and a poor swamp 
forest downslope. Considering floristic composition, the stand best
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fits Heinselman's "Black spruce-feathermoss forest" classification of 
vegetation types. Tamarack occurred in a pure stand, well downslope 
from the black spruce, fitting Heinselman's "Poor swamp forest" vegeta­
tion type.
An inverse relationship between crown and understory cover reported 
in the present study merits discussion. Labrador tea has been classi­
fied as one of the most shade-tolerant bog species (Stallard 1929,
Conway 19^9, Brown 1972). Janssen (1967) stated that "Ledum was es­
pecially abundant where Picea showed its highest cover and provided the 
most shade." However, in the present study, labrador tea was most 
abundant where the black spruce crown was more open. Even though it is 
one of the most shade-tolerant bog species, its growth can be limited 
by shade under a dense black spruce canopy.
Surface temperature was shown to be significantly higher under 
tamarack at the end of May (Fig. 1A). The difference gradually de­
creased until mid-August, after which, surface temperatures were very 
similar under the two communities. The surface under tamarack appears 
to warm up earlier in the spring. There are two reasons which would 
account for this: (1) tamarack is deciduous and does not begin to renew 
its foliage until late spring; and (2) tamarack foliage is so fine and 
oddly clustered that sunlight penetrates to the forest floor even through 
a closed canopy. It has the distinction of giving less shade than any 
other far northern tree (Peattie 1950).
Several growth measurements (Tables 2, 3) can be used to relate the 
growth of black spruce and tamarack to the nutrient regime of their 
habitat. Using this information and the site index curves of Gevorkiantz 
(1957a, b), site index for black spruce and tamarack was determined to
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be AO and 50 ft/50 yr (12.31 and 15-38 m/50 yr).
Although pH of the water did not differ significantly, tamarack 
peat pH was nearly one unit lower than black spruce peat. This suggests 
that more acidic plant materials were being deposited there. Needle 
litter from tamarack at peak litterfall was slightly more acidic (pH A.3) 
than black spruce needle litter (pH A.6). Several mosses, especially 
Sphagnum and Aulooomnium are noted for lowering the pH of their habitat 
(Kurz 1928, Conway 19^9); species of both genera were found under tama­
rack and black spruce.
As reported elsewhere by Maimer and Sj8rs (1955) and Wali and 
Krajina (1973). peat pH was lower than the free water pH. The lower pH 
of peat is probably due to a high concentration of organic acids in it. 
The higher pH of water can be attributed to calcium bicarbonates solub- 
1ized from calcareous mineral soils under peat and upslope from the 
stand (Pierce 1953, Heinselman 1970).
the water pH under both tamarack and black spruce decreased as the 
water table dropped in June. During this period, water movement through 
the peat was very much reduced (see Boelter 1965, 1972, and Bay 1969, 
for data on peat hydrology). Hence, organic acids leached from peat 
were no longer being carried away but were being concentrated in stand­
ing peatland water. This would account for the observed decrease in pH. 
After heavy August rains, the water pH rose to around nine, first, under 
black spruce and, later, under tamarack. The time lag suggests that the 
change was due to influx of ground water. Water flowing into the peat- 
land from the mineral soils upslope probably diluted the concentration 
of organic acids and brought an alkaline buffering solution of calcium 
bicarbonates into the peatland thus, accounting for the increase in pH.
72
Electrical conductivity was not significantly different in tamarack 
and black spruce peat, however, the concentrations of water soluble Ca, 
Mg, Na, and Fe were. Black spruce peat contained more water soluble Ca 
whereas tamarack peat contained more water soluble Mg, Na and Fe. it is 
likely that the E.C. of black spruce peat was due largely to Ca and that 
of tamarack peat due to Mg, Na and Fe. The E.C. was similar under both 
stands but the contributing cations were present in different concentra­
tions.
Following August rains, the E.C. of water rose under both communi­
ties. This can be attributed largely to the significant increase in 
concentration of calcium bicarbonates as mentioned. Electrical conduc­
tivity was highly correlated with Ca concentrations (r = .96).
Calcium concentrations were significantly higher in peat and water 
under black spruce, apparently contradictory to the findings of Krajina 
(1969) for black spruce and tamarack in British Columbia since he classi­
fied them as calei phobic and calciphilic. His conclusions, however, 
were based primarily on the growth of these species in upland habitats.
He found that black spruce took on a stunted krummholz form on very 
calcareous soiIs.
Damman (1971) found 60-year old black spruce (basal area 35 m^/ha) 
growing on sandy soils in Newfoundland. Mean replaceable Ca concentra­
tion of the mineral horizons was 10 ppm. The 80-year old black spruce 
in the present study (basal area m^/ha) was growing on peat with a 
mean replaceable Ca concentration of 22,000 ppm. Growth of black spruce 
was better on soils containing very low concentrations of replaceable Ca. 
This is not to say that other factors were not involved. Drainage is 
particu1 ari1y important as a factor affecting black spruce growth (van
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Groenewoud 1975). However, it is possible through a mass-action effect 
and a high Ca accumulation in the trees that uptake of other essential 
nutrients, especially K and Mg, may be depressed (Lucas and Davis 1961). 
If this occurs, the high concentration of Ca in the substrate indirectly 
limits black spruce growth supporting Krajina's (1969) theory.
Although much lower than in the black spruce peat, replaceable Ca 
concentrations in tamarack peat were also very high (61 me/100 g).
Krajina (1969) found best tamarack growth on calcareous soils in British 
Columbia. In northern Minnesota, tamarack is usually restricted to the 
more acidic, nutrient-poor habitats where its growth is often very poor. 
The stand in the present study appears to be exceptional. The literature 
lacks quantitative data on peat chemistry under tamarack. Tilton (1975) 
provides information indirectly by relating foliar concentrations of 
elements to pH and E.C. of bog water under tamarack over a wide range of 
conditions. He found foliar Ca and Mg highly related to the site E.C. 
These elements, although interrelated, were found to be less important 
to tamarack growth than nitrogen and phosphorus.
Replaceable Mg was significantly higher in tamarack peat. Assuming 
that tamarack and black spruce peat have similar cation exchange capaci­
ties and since replaceable Ca concentrations were lower in tamarack peat, 
more exchange sites were available to Mg, the next weaker cation in the 
lyotropic series (Salisbury and Ross 1969)•
No significant differences were found between stands with respect 
to K and Mn in the substrate. Concentrations of both elements were 
highest at the surface and decreased with peat depth. This trend was 
also evident in the mineral soils under aspen and jack pine in the 
present study (Tables 4, 6) and the three communities in Damman's (1971)
lh
study.
There were no significant differences between communities in the 
concentrations of P and Cl in the water. However, concentrations of 
CO3 and HCO3 were significantly higher in water under black spruce and 
NO3 concentrations were significantly higher under tamarack. It 
appears that P and NO^ were concentrated during the dry period and 
subsequently diluted under both communities by August rains.
Annual litterfall was 309 and 322 g/m^ for tamarack and black spruce. 
This is slightly below the 350 g/m^ reported by Bray and Gorham (196*0 
as average litterfall in the cool temperate climatic zone. Both species 
show autumn peaks (Fig. 15)- Black spruce has another peak litterfall 
in the spring (Damman 1970- On an annual basis, the litter composition 
is very similar (79 and 8k% needles for black spruce and tamarack). 
Tamarack litter was composed of needles during the autumn peak and 
woody parts during the winter. Black spruce litter composition was more 
constant throughout the year.
An increase in Ca concentration in black spruce needle litter 
following the increase of Ca in the peatland water suggested a close 
relationship between Ca uptake by black spruce and Ca concentrations in 
water. It is likely that Ca levels are regulated by plants by concen­
trating it in the older needles which are subsequently abscised. Such 
a trend was not evident in tamarack. The Ca concentration in black 
spruce needle litter averaged almost twice that in tamarack.
The Mg concentration in tamarack needle litter was significantly 
higher than in black spruce probably because there was more available 
Mg under the tamarack. During the last part of August, the Mg concen­
tration in tamarack needle litter began an increasing trend which
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continued through the last sampling date in November. Tilton (1975) 
described a similar trend for Mg in live needles.
In addition to documenting quantitatively some aspects of litter 
production of black spruce and tamarack communities for the first time, 
this study has provided some new information in the light of which 
management practices could be reexamined. For example, close relation­
ships are implied in the data concerning the role of manganese and jack 
pine growth and between nutrient concentrations of peatland water and 
black spruce. Additionally, other significant differences demonstrated 
among the habitats supporting different species should prove extremely 
useful in the management of these species for achieving optimum produc­
tivity.
SUMMARY
The present study was conducted on four common North American forest 
types as they occur in northern Roseau County, Minnesota. Previous 
studies on the physical and chemical properties of soils under aspen 
and jack pine have shown soil texture to be an important factor affecting 
growth and distribution of these species. The present study has sub­
stantiated these findings as well as provided additional quantified soil 
chemical data. Aspen was growing on alkaline clay soils with high con­
centrations of available Ca and Mg. It appears that optimum growth 
occurs on calcareous sandy clay loams. Jack pine was found on well- 
drained, acidic, sandy clay loams where growth was excellent. These 
soils contained high concentrations of available Mn which may be signi­
ficant in jack pine nutrition.
The black spruce and tamarack stands were found on a sloping peat- 
land which received mineral water from an adjacent, former Glacial Lake 
Agassiz beach ridge. Water reaction and mineral ion concentrations were 
strongly influenced by contact with mineral soils upslope and varied 
over the season with fluctuations in the water levels. The water pH de­
creased under both communities when the water level dropped during a dry 
period. This was attributed to concentration of organic acids in the 
standing water. An increase in pH and calcium bicarbonates corresponded 
with a rise in the water level after August rains.
Black spruce peat contained extremely high concentrations of re­
placeable Ca, which indirectly, may have been limiting growth. Phosphorus,
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Mn, Fe, Al, B, Zn, Ni, and Pb were also significantly higher in black 
spruce peat. Tamarack peat contained significantly higher concentra­
tions of replaceable Mg. Potassium and Na concentrations were very 
similar in peat under both communities.
O
Total annual litterfall was very similar, 309 and 322 g/m /yr for 
tamarack and black spruce. On an annual basis, litter composition was 
also very similar with 84 and 79% needles. Seasonal litterfall inputs 
of Ca, Fe, Al, Zn, Pb and P were greater from black spruce, whereas, 
seasonal inputs of Mg, Mn, B, Cu and Sr were greater from tamarack. In­
puts of K and Na were not significantly different between the two species.
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APPENDIX I
Plant species collected in Roseau County, Minnesota.
Vascular Plants
Aceraceae
Acer negundo L.
Anacard iaceae
Rhus radioans L•
Ara1i aceae
Aralia nudioaulis L.
Apocynaceae
Apooynum androsaemi folium L. 
A . siberioum L.
Ari stolochiaceae
Asarum canadense L.
Asc1ep iadaceae
Asclepias inoarnata L.
Ba1sami naceae
Impatiens biflora Walt.
Betu1aceae
Alnus rugosa (Du Roi) Spreng.
Be tula pumila L.
Corylus amerioana Walt.
C. oornuta Marsh.
Brass icaceae
Brassica nigra (L.) Koch.
Erysimum cheiranthoides L•
Campanu1aceae
Campanula aparinoides Pursh.
C. rotundifolia L.
Capri foli aceae
Diorvilla lonioera Mill.
Linnaea borealis L•
Lonioera oblongifolia (Goldie) Hook. 
L. villosa (Michx.) R.& S. 
Symphorioarpos orbiculatus Moench.
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Caprifoliaceae (Continued)
Viburnum lentago L.
V. rafinesquianum Schult.
V. trilobum L.
CaryophylIaceae
Stellaria longifolia Muhi.
Compos i tae
Achillea millefolium L.
Aster ericoides L.
A. junciformis Rydb.
A . puniceus L.
A. simplex Wi1 Id.
Ciroium sp. Mill.
Crepis tectorum L.
Erigeron philadelphious L.
Eupatorium maculatum L.
Helianthus maximilliani Schrader.
Laotuoa L.
Petasites sagittatus (Pursh) Gray.
Plantago sp. L.
Prenathes alba L.
Rudbeekia laciniata L.
Senecio aureus L.
S. integerrimus Nutt.
Solidago altissima var. scabra (Muhl.) T. £ G. 
S. canadensis L. var. canadensis 
S. gigantia Ait.
S. graminifolia L. Salisb.
S. rigida L.
Sonchus sp. L.
Cornaceae
Comus canadensis L .
C. stolonifera L.
Cucurbi taceae
Echinocystis lobata (Michx.) T. £ G.
Cupressaceae
Thuja occidentalis L.
Cyperaceae
Carex assiniboinensis W. Boott.
C. aurea Nutt.
C. chordorrhiza L.f.
C. comosa Boott.
C. disperma Dewey.
C. gynocrates Wormsk.
C. interior Bailey.
C. lasiocarpa Ehrh.
C. leptalea Wahl.
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Cyperaceae (Continued)
Carex paupercula Michx.
C. prairea Dewey.
C. retrorsa Schw.
C. tenera Dewey.
Scirpus aautus Muhl.
E1aeagnaceae
Sheperdia canadensis (L.) Nutt.
E r icaceae
Andromeda glaucophylla Link. 
Arctostaphylos uva-ursi (L.) Spreng. 
Ledum groenlandicum Oeder.
Pyrola rotundifolia L.
Vaccinium angustifolium Ait.
V. oxycoccus L.
V. vitis-idaea L.
Equ i setaceae
Equisetum hyemale L.
E. palustre L.
E. fluviatile L.
Fabaceae
Lathyrus orchroleucus Hook.
L. palustris L.
L. venosus Muhl.
Trifolium hybridum L.
Vicia americana Muhl.
Fagaceae
Quercus macrocarpa Michx.
Gent i anaceae
Gentiana crinita Froel.
Menyanthes trifoliata L.
Grami nae
Agropyron repens (L.) Beauv.
Bechnannia syzigachne (Steud.) Fern. 
Bromus ciliatus L.
B. inermis Leyss.
Calamagrostis canadensis (Michx.) Beauv.
C. neglecta (Ehrh.) Gaertn.
Elymus virginicus L.
Glyceria striata (Lam.) Hitchc.
Oryzopsis asperifolia L.
Phalaris arundinacea L.
Phleum pratense L.
Poa palustris L.
P. pratensis L.
Schizachne pupurascens (Torr.) Swalleri. 
Sphenopholis intermedia (Rydb.) Rydb.
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Hydrophyllaceae
Hydrophyllum virginianum L.
Hypericaceae
Hypericum magis (Gray) Britt.
H. virginicum (L.) Raf.
Iridaceae
Iris versicolor L.
Labiatae
Lycopus asper Greene.
L. virginicus L.
Mentha arvensis L.
Scutellaria galericulata L.
Stachys palustris l .
Teucrium canadense L.
L i 1 iaceae
Lilium philadelphicum L.
Maianthemum canadense Desf.
Polygonatum biflorum (WaIt.) Ell. 
Smilacina stellata (L.) Desf.
S. trifolia (L.) Desf.
Smilax herbacea L.
Trillium cemuum L.
Lobeli aceae
Lobelia kalmii l .
Oleaceae
Fraxinus nigra Marsh.
F. pennsylvanica Marsh.
Onagraceae
Epilobium angustifolium L.
E. glandulosum Lehm.
E. leptophyllum Raf.
Ophioglossaceae
Botrychium virginianum (L.) Sw.
Orch i daceae
Corallorhiza trifida Chat.
Cypripedium calceolus L.
C. regianae Walt.
Habenaria dilatata (Pursh) Hook.
Listera cordata (L.) R.Br.
Orchis rotundifolia Banks.
Spiranthes cernua (L.) Rich.
Papaveraceae
Sanguinaria canadensis S. canadensis L.
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P i naceae
Larix laricina (DuRoi) K. Koch.
Pioea mariana (Mill.) BSP.
Polyga1aceae
Poly gala senega L.
Polygonaceae
Polygonum convolvulus L.
P. natans Eat.
Polypod iaceae
Dryopteris austriaoa var. spinulosa (Muell.) Fior 
Matteuooia struthiopteris (L.) Todaro.
Pteridium aquilinum (L.) Kuhn.
Thelypteris palustris Schott.
Primulaceae
Lysmachia ciliata L.
L. thrysifolia L.
Trientalis borealis Raf.
Ranunculaceae
Aotaea rubra (Air.) Willd.
Anemone quinquefolia L.
A . virgingiana L.
Caltha palustris L.
Coptis trifolia (L.) Salisb.
Ranunculus abortivus L.
R. acris L.
Thalictrum dasycarpum Fisch. & Ave1- La 11.
T. venulosum Trel.
Rhamnaceae
Rhamnus alnifolius L1 Her.
Rosaceae
Amelanchier alnifolia Nutt.
Crataegus rotundifolia Moench.
Fragaria vesca L.
F. virginiana Duchesne.
Geum allepicum Jacq.
G. triflorum P u r s h.
Potentilla anserina L.
P. fruticosa L.
P. palustris (L.) Scop.
P. tridentata Soland.
Prunus besseyi Bailey.
P. pumila L.
P. virginiana L.
Rosa woodsii L i nd1.
Rubus acaulis Michx.
R. strigosus Michx.
Spiraea alba DuRoi.
Qk
Rub i aceae
Galium boreale L.
G. labradoricum (Wieg.) Wieg. 
G. triflorum Michx.
Houstonia longifolia Gaertn.
Sa1i caceae
Populus balsamifera L.
P. grandidentata Michx.
P. tremuloides Michx.
Salix Candida Fluegge.
S. discolor Muhl.
S. exidua Nutt.
S. gracilis Anderss.
S. pedicellaris Pursh.
S. serissima (Bailey) Fern.
Santa 1aceae
Comandra richardsoniana Fern.
Sarraceniaceae
Sarracenia purpurea L.
Saxi fragaceae
Heuchera richardsonii R.B r. 
Mitella nuda L.
Pamassia palustris L.
Ribes americanum Mill.
R. lacustre (Pers.) Poir.
R. triste Pall.
Saxifraga pensyIvanica L.
Scrophulari aceae
Gerardia tenuifolia Vahl . 
Pedicularis lanceolata Michx.
T i1i aceae
Tilia americana L.
U1maceae
Ulmus americana L.
Umbe11i ferae
Cicuta bulbifera L.
C. maculata L.
Sanicula marilandica L.
Zizea aurea (L.) Koch.
Urt i caceae
Laportea canadensis (L.) Wedd. 
Urtica dioica L.
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Violaceae
Viola rotundifolia Michx.
V. rugulosa Greene.
V i taceae
Parthenocissus inserta (Kerner) K. Frisch. 
Vitis riparia Michx.
Mosses
Amblystegiaceae
Amblystegium serpens (Hedw.) BSG 
Calliergon cordifolium (Hedw.) Kindb. 
Leptodictyum riparium (Hedw.) Warnst.
Aulacomniaceae
Aulaoomnium palustre (Hedw.) Schwaegr.
B rachythee i aceae
Brachythecium acuminatum (Hedw.) Aust.
B. oxycladon (Brid.) Jaeg. & Sauerb.
B. salebrosum (Web. & Mohr) BSG
Pleurozium sekreberi (Brid) Mitt.
Rhynchostegiella compacta (C.M.) Loeske 
Tomenthypnum nitens (Hedw.) Loeske
Bryaceae
Bryum lisae DeNot. var. cuspidatum (BSG) Marg.
B. pseudotriquetrum (Hedw.) Gartn., Meyer 6 Scherb. 
Pohlia nutans (Hedw.) Lindb.
Climaciaceae
Climacium dendroides (Hedw.) Web. S Mohr.
D i cranaceae
D. drumnondii C.M. 
D. polysetum Sw.
D. undulatum Brid.
Di trichaceae
Ceratodon purpureus (Hedw.) Brid.
Fi ssidentaceae
Fissidens osmundoides Hedw.
Hypnaceae
Hypnum pratense Koch ex Spruce
Leskeaceae
Anomodon minor (Hedw.) Furnr.
Haplocladium microphyllum (Hedw.) Broth 
Helodium blandowii (Web. & Mohr) Warnst. 
Leskea polycarpa Hedw.
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Leskeaceae (Continued)
Thuidiwn recognition (Hedw.) Lindb.
Mn i aceae
Mnium cuspidatum Hedw.
Orthotrichaceae
Orthotriehum stellatvm Brid.
Polytrichaceae
Poly trichum juniperinum Hedw.
Sematophyllaceae
Heterophyllwn haldanianum (Grev.) Kindb. 
Sphagnaceae
Sphagnum centrale C. Jens.
S. recurvm P.-Beauv.
S. teres (Schimp.) Angstr. ex Hartm.
S. wulfianum Girg.
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